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THE NATURE OF ULTRAVIOLET LUMINESCENCE OF CELLS

O-Following is the translation of an article by S. V.
honev, T. I. Lyskova, and V. P. Bobrovichp Laboratory
of Biophysics and Isotopes, AN BSSR, Minsk# published
in the Russian-language periodical Biofizika (Bio-
physics), Vol VIII, No 4, 1963, pages 433-440. It
was submitted on 3 Dec 1962.-7

In the works by Ye. Id. Brumberg et al. ultraviolet luminesoenoe
of living plant, animal, and microbial cells was detected by the "
method of ultraviolet microscopy. The luminescence was excited by
short-wave ultraviolet waves with wavelengths of 250-280 nm ZT11.

Almost simultaneously with the works of Brumberg et al. ultra-
violet luminescence of suspensions of yeast and microbial cells was
noted by Vladimirov using the spectroi'luorometric method Z197.
Subsequently research on the ultraviolet luminescence of blosub-
atrates, conducted mainly by the school of Ye. M. Brumberg, was
carried out along two main paths: establishment of possible cor-
relations between the luminescence picture and the functional
state of the cell and the organism as a whole, on the one hand,
and interpretation of the elementary nature of luminescence centers
on the other.

In spite of the fact that in work along the first direction
the study was mainly only of one parameter of luminescence - ite
intnA * - by the present time a certain amount of factual material
htd 'Ccurnulated whicn made it possible to consider that cell
luminoýctuico included an expression of a change in their functional
state during the 1 'rocesscs of active life. For example, there were
records of regular changes in the intensity of cell luminescence
during tuio process of embryogenesis Z13, 1g, and changes were noted
in the intensity of luminescence of the nucleus and the cytoplasm
in the case of malignant growth Z3. 4, 1i57, after irradiation with
ultraviolet rays and ionizing radiation 73 ,7, 16, 17. All of this
strengthens still more the interest in the study offthe nature of
the centers which are responsible for the ultraviolet fluorescenoce
of a cell.

Brumberg and coworkers proposed that the fluorescence of cell
nuclei is conditioned by nucleic acids, and that of the cytoplasm
by RNA and proteins Z:. However, suosequent experiments, demon-
strating that the gradual removal of free nucleotides, RNA, and DNA
from the cell is accompanied by a sharp drop in the intensity of
luminescence, led to the conclusion that the fluorescence of pro-
tein in the cell is weEc and cannot compete with the fluorescence
of froe nuoleotides and RNA. This conclusion was soon oontraldited
by the fact that in the speotra of exoltation of fluorsoeonoo of
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#,yUs of rat bone marrow, hepatic cells and spermatids of mice A
maximum is displuyed at 280-290 nm. These experiments should

have reestablished to a known degree the exclusive right of protein
in the mechanism3 of development of cell luminescence, if it was
not known that in a number of cases nucleic acids and nucleopro-
teins Z8-2P7 may have a maximum in the spectrum of excitation in
the same range (280-300 rnm). Finally quite recently. still another

.. proposal emerged: the responsibility for luminescence of cells
lies on the oxidized forms of pyridine nucleotides 01P 227.

Thus by the present time several points of view have been
formulated on the nature of substances which are responsible for
the luminescence of cells and their elements. These substances
were found to be; in nuclei - a luminescent form of DNA , go_7,
free nucleotides jr, and proteinsZ, 1g; and in the mitochondria
and cytoplasm - free nucleotides i41 proteins N/, and an oxidized
form of pyridine nucleotides l, 22_/.

For the purpose of increasing the clarity in the interpretation
of the nature of the ultraviolet luminescence of cells we made an
attempt to investigate the luminescence of suspensions of isolated
mitochondria and cell nuclei, using several spectral characteristics
simultaneously; spectra of luminescence, spectra of excitation of
fluorescence, and polarization spectra of fluorescence (based on
absorption). A comparison of the stated spectral characteristics,
reflecting the average pioture of luminescence based on many thous-

/-nds of similar cellular elements, makes it possible to come close
co a single conclusion on the nature of the elementary emitters
of the cell.

Objective and Method of Operation

In the work we investigated the mitochondria and nuclei of liver
from adult white rats which had not received food for 24 hours prior
to the oxperiment. For removal of erythrocytes the liver was care-
fully flushed with piysiological solution through the portal vein.
The hepatic tissue was ground in a homogenizer on a ground-glass
joint. Cellular elements were separated by differential centrifu-
gation. Cell fragments were precipitated from an 0.25 M solution
of saccharose with 0.005 M of iMTA at 400 g, nuclei at 800 g for
10 min, and mitochondria at 8500 g for 20 min. The resulting frac-
tions of nuclei and mitochordria were subjected to a two-stage
repeated grinding and centrifugation for increasing the degree of
purity. All the preparation work was carried out in a cold room
at 40, Identification of mitochondria and nuclei and evaluation
of the degree of purity of the preparation were performed micro-
scopically on unfixed smears and smears, fixed and dyed with
azure-eosine, fuchain and based on the Feulgen reaction. The smears
were tAken from the appropriate fractions. For the mitochondria
complete ijurity was achieved from admixtures of fragments from cells,
nuclei, and microsomes. Present In the fraction of nuclei was an

0 insignifloant amount of oesl fragonts ( 4 .10%).
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0 Spectral-luminescent measurements were made in suspensions of
•itochondria and nuclei in a physiological solution or in 0.25 M
,raccharose. Spectra of luminescence were taken from the forward
wqiqi of a cuvette in a device which was described earlier ga, 2_7.
Luminoscence was excited by a spectral band of 250-280 run, separated
fro, the integral flux of a SVD-120A mercury-quartz lamp with the
help of a gaseous chlorobromide filter and a liquid Bekshtrem
filter, and recorded with a liquid nitrogen cooled FEU-lA photo-
multiplier working under the conditions of a photon counter.
Pulses, amplified by a wide-band "Siren" amplifier, were received
on a "Tyulpan" pulse integrator. Recording of spectra was done
with an EPP-09 recording potentiometer.

Low-temperature spectra of luminescence were taken in the fol-
lowing manner. The preparation, frozen in a metallic holder, was
placed in a quartz Dewar vessel which was filled with liquid nitro-
gen. The exciting light which passed through the gaseous and liquid
light filters was focused by a quartz short-focus lens through an
aperture of optical quartz onto the frozen surface of the prepara-
tion. The light of luminescence was focused from that same surface
of the preparation onto the inlet slot of an SF-4 spectrophotometer
by an aluminezed parabolic mirror. After the inlet slot of the
spectrOIkhotometer the light of luminescence, after additional
focusing, fell on the photocathode of the photomultiplier. In the

-tests for studying the dependence of spectra of phosphorescence on
.he wavelength of exciting light the monochromatic beams of exci-
ting light were separated with the help of an SF-4 monochromator
and the luminescence was dissociated into spectra with the help of
an UM-2 monocnromator. The spectral band width in the case of non-
monochromatic excitation did not exceed 0.3 rnm; when working with
two monochromators the spectral band width for exciting light oom-
prised 1-3 nim, and for light of phosphorescence 1-2 nm.

The spectra of excitation of the integral flux of fluorescence
(320-400 run) were taken in transmitted light on a device which was
described earlier on very diluted suspensions of nuclei and mito-
chondria (at 280 nm no more than 10,% of light was absorbed). The
spectral band width for exciting light varied within the limits of
0.1-0.3 nm.

Spectra of polarization of fluorescence were taken on a device
which was doscribed earlier g5g. Recordings were made of polar-i-
zation of fluorescence which was transmitted through an interference
light filter at 355 rnm with a halfwidth of passage of 12 nm. The
spectral band width for exciting light for the range of 254-302 =n
comprised 0.2-0.3 rum, and. for the range of 2Z5-248 ram - 0.4-0.7 rim.
Figures 1-3 show the spectra without oorreotions for speotral sensi-
tivity of the device; the position of maxima of fluorescence is
cited in the text with a consideration of speotral sensitivity*

0
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0 Results and a Discussion of Them

t / Spectra of luminescence. From the spectra of fluorescence of
mitochondria and nuclei which are presented in Figure 1 it can be
seen that they are similar with the spectra of fluorescence of
proteins Z25, 29 and free tryotoP an g60 27. Differences con-
sist of a certaIn shift of spectra to the short-wave side. In
freshly isola'.ed preparations of mitochondria the position of the
maximum varlea in.different animals within the limits of 350-
-335 nn (in two animals 350, in two 337, and in one 335 nm).

Storage of mitoohondria for 24 hours at t 40 leads to a
stabilization of the position of maximum at 337-345 nme In contrast
to the mitochondria tt.s freshly isolated nuclei of all five animals
possessed a stable maximum of fluorescence at 333 nmo The position
of this maximum does, not change during 48 hour cold storage of
nuclei. The protein (tryptophan) nature of fluorescence of nuclei
and mitoohondria is supported by the following facts.

le The removal initially of rree nucleotides and RNA (treat-
ment of mitochondria and nuclei with i0• perchloric acid for 18
hours at room temperature) and then of DNA (treatment with hot 5%
perchliric acid for 40 min.) does not lead to any essential changes
in the spectra of fluorescence. Only an insignificant shift in the
maximum is observed in the long-wave range. This testifies directly

e"Ito the insignificant role of all forms of nuoleio acids and free
nucleotideq as centers of fluoresoenoc.

401/4 GRAPHIC NOT REPRODUCIBLE

Fig. 1. Spectra of fluorescence at room temperature.
1 - aqueous solution of tryptophan (concentration of 10-4 U/l);
2 - mitochondria in physiological solution; 3 - nuclei in
physiological solution.

The contradiction of this conclusion with the observations of Ye. g.
Brumrov'g about the weakening in the intensity (brightness) of cell
luminescence after their treatment with perchloric acid can be
removed in the following manner& In place of the washing of nucleic
acids as the carrier cZ luminescence, I. Ya. Barskiy quite correctly
named as factors for this wea-kening the decrease in cell volume,

Oremoval of tryptophan, and disruption of supruamolsoular organiza6lone
To these factors one can add yet a fourth. Perchloric old itself
may cause either a chemical transformation of the tryptophan molecule
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or lowvr its resis! ,,ce to photooxiftation. Actually the quantum

,' yield of fluorescence of nuclei drops after treatment with hot
percnlorio acid from 2 to 1%, and after momentary irradiation in
the focus of an SVD-120 A lamp by 6 more times. A decrease in
quantum yield, accelerated by ultraviolet light, was observed by
us also in the case of the action of perchloric acid on mito-
ohondria, protein from fish scale, and, which is especially 1.-
portant, on tryptophan itself (table).

Quantum yields of fluorescence by cellular elements
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Koy: (a) Object and conditions; (b) Quantum yield; (c) Tryptophan
in diotillod water; (d) Tryptophan in distilled water after irrad-
iation in the focus of an SVD-120A lamp for 1, 2, 3, and 4 min. *;
(o) Tryptuhan after the influence of HC10 4 and irradiation in the
focus of an LVD-120A lamp for 1, 2 3, and 4 min.; (f) Tryptophan
in a mixturo with mitochondria; (g) Nuclei, native in physiologi-
cal solution; (h) Nuclei, treated with HG10 ; (i) Nuclei without
i'NA aftor one min. of irradiation with the SVD-2OA;. (J) Mitochon-
dria in physiological solution; (k) Mitochondria in 8 M urea;
(1) Mitochondria after boiling; (m) * Irradiation was carried out
in a closed cuvette under conditions, making difficult the entrance
of oxygen from the air, in a layer of complete absorption.

2. Typical protein denaturing agents lead to insignificant
shifts in the position of the maxima of fluorescence similar to
thoso waich are observed also in free proteins. Heating up to
1000 and treatment with 8 M urea lead to a shift of the maximum
to the long-wave side, u widening of the spectrum, and a certain
incroaso in quantum yield (table).

The tryptophan nature of luminesoenoe finds expression espeo-
() ally prominently in the speotra of low-temperature luminescence of
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iuclei and mitochondr1h. Even a superficial glance-at Figures 2
and 3 is sufficient to convince one that the typical tryptophan
trident, which is difficult to mix up with anything else, found
a clear manifestation in spectra of low-temperature luminescence.
This trident together with the shoulder at 480 ran is recorded
both in native nuclei and mitochondria and after removal of nuclelio
acids from them. Just as in the case of fluorescence at room
temperature there is observed only an insignificant shift of all
the maxima to thi short-wave range of the spectrum. It is diffi-
cult to detect any other maxima which could be ascribed to nuclei@
acids in any forms whatsoever. Even the ratio of intensity of
triplet and singlet maxima at low temperatures is typical for
proteins Z67. This conclusion is further confirmed by experi-
ments for studying the dependence of spectra of triplet lumines-
cence on the wavelength of exciting light. In the range of
254-289 nm for mitoohondria and in the range of 254-296 nm for
nuclei the form of the phosphorescence spectrum does not depend
on the wavelength of excitation (Fig. 2 and 3). This means that
here, where the maximum of absorption of nuoleio acids lies -
at 265-270 nm, the same oscillator radiates constantly, tLe
oscillator of tryptophan.

j
!1

""1M"V M

Fig. 2. Spectra of phosphoresoence Fig. 3. Spectra of phosphor-
of nuclei In physiological solution escence of mitochondria in
at the temperature of liquid nitro- physiological solution at the
gen depending on the wavelength of temperature of liquid nitrogen
exciting light, depending on the wavelength of
Wavelength of excitation, rma exciting light.
1 - 265; 2 - 270; 3 - 280; Wavelength of exoltation, nmw
4 - 292; 5 - 296; 6 - l02 1 - 265; 2 - 270; 3 - 280;

4 - 289; 6 - 292; 6 - 296;
7 - 302; 8 - 313.

0*
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p•.t picture Is somowhat different in the range of excitation of
-61i3 im. In this range with the invariability of the position

of maxima of triplet luminescence there is observed P -edistribu-
tion of their intensitios; maxima are heightened sharply at
465 and 430 rm due to tne weakening of maxima at 405 and 431 nrm.
Apparontly such a rediste-ibution in probabilities of transitions
with an invariability of position in the energy scale may be
attributed to sevgral f-ctors: the existence of two oscillators
responsible for the phosphorescence of tryptophan, the existence
of tryptophan In two forms, and deformations in the system of
electron fluctuating sublevels of the tryptophan molecule due to
surplus ener6y of absorption. A choice oetween these three pos-
slbilities is difficult at present, though we are inclined more
to the thought of two forms of tryptophan. In any case the in-
fluence of the site of absorption on the ratio of intensities of
maxima of triplet luminescence is inherent to the very molecule
of tryptophan and not to other centers of luminescence which
enter into play as a measure of movement along the scale of
wavelengths, since the redistribution of intensities of maxixw.
i-. also observed for tryptophan itself under certain conditions
(the results are being prepared for publication).

Thus, basod on the spectra of luminescence it is hardly
possible to connect the fato of quantum which is generated in the
n'ct of iphotolumineicence with centers other than the tryptophan
if proteins. Ttis conclusion finds a well-defined confirmation
in tae spectra of fluorescence excitation, which simultaneously
tell us which molecules absorb that light oiiergy which is
releases in the form o,' luminescence (it can be imagined, for
examplo, that quanta of light which are scintillated by trypto-
phan were initially absorbed by nucleic acids and then relayed
to tryjtophan in the act of migration of energy).

L_;poctra of excitation of luminescence. Figure 4 shows the
spectra of excitation of fluorescence of mitochondria and nuclei
in the rltnge of 217-302 nm. In both spectra both maxima of
absorption of proteins are clearly manifested: at 280 and at
227-230 ian, separated by the minimum at 248 nm. In the range of
wavelongtiis greater than 300 run the excitation of luminescence
is absent. However attention is merited by the fact of the in-
significance of the shielding effect by nucleic acids on the
tryptophan in the nuclei. The 3 uantum yield of fluorescence for
nuclei for 265 nm all told is 50$ lower than the quantum yield
for 280 nm (table). This circumstance does not exclude the pos-
sibiiity of partial migration of energy from nucleli acids to
the proteins.

Polarization spectra of fluorescence. Polarization spectra
of fluorescence of try tophan and proteins were Investigated In
the works by Weber May and Konev and Katibnikov L270

0
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olarization spectra, in reflecting the spatial anisotropy of the
mutual position of oscillators of absorption and emission, are
very sensitive to an admixture of "extraneous" centers of lumi-
nescence. Nevertheless Figure 5 clearly demonstrates the typi-
cally protein (tryptophan) nature of the polarization spectrum
both of the fraction of mitochondria and the fraction of nuclei*

4J.4

Fig. 4. Spectra of action of Fig. 5. Polarization spectra of
fluorescence of mitochondria (1) fluorescence (based on absorption)
and nuclei (2) in physiological of mitochondria (1) and nuclei (2)
solution at room temperature. in physiological solution at

room temperature.

In the spectra a maximum is manifested at 265-270 nm, a dip in the
range 280-285 nm, and a considorable increase in the long-wave
range (296-300 nm). Tho analogous form of the long-wave section
of the spectrum of tr'yptophan in glycerin solutions in a comparison
with the spectrum of absorption in this range testifies, apparently,
to the correctness of the prupusal by Weber that beyond the band of
absorption of tryptophan at 280 rnm there are hidden two differently
oriented oscillators of absorption /_87. At the same time it is
seen from the polarization spectra that the degree of polarization
of luminescence of mitochondria, decreasing strongly along the
entire spectrum in comparison with free tryptophan, is practically
equal to the degree of polarization of protein solutions. For
265 ran we obtained values for the degree of polarization of lumi-
nescence of human serum albumin of 15.0%,, and of protein extract
from mitochondria - 15-16%. Therefore, for at least the over-
whelming majority of proteins, under the conditions of the struc-
tural organization of mitochondria the migration of energy between
radicals of tryptophan which belongs to neighboring macromolecules
of protein does not take place.

Thus without exception all the spectral characteristics speak
for the protein (tryptophan) nature of ultraviolet luminescence of
the main organoids of hepatic cells - mitochondria and nuclei.
Apparently the fraction of miorosomes which is being investigated
at present has an analogous nature. Here we are naturally aware
hat the results do not exclude the possibility of the existence
tf other carriers of luminexcenoe (for exanple# nucleio aoids) in

8.
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, Qtior objects and in the sme objects under different conditions*
:Von in the case irnvestigated by us the weak luminescence of
rany substances apparently cun be masked by the more intensive
protein luminescence. Without a doubt other centers of lumi-
nescence appear, for example, during transition to longer-wave
excitation as this was observed by us during excitation of
frozen nuclei with light at 365 nm, when luminescence appeared
with a maximum at 490 nm, which most likely belongs to pyridine
nucleotides.

Conclusions

1. A study is made of the spectra of luminescence at room
and low temperatures with integral and monochromatic excitation*
Also studied were the spectra of excitation of luminescence and
polarization spectra of luminescence (based on absorption) of
isolated fractions of mitoohondria and nuclei from the hepatic
cells of white rats.

2. The spectra show that the luminescence of mitoohondria
and nuclei of these cells, which was excited in the spectral
range of 250-300 nm , is caused exclusively by proteins (tryp-
tophan)..
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